Background/Aims: Circulating miRNAs could serve as biomarkers for diagnosis or prognosis of heart diseases and cerebrovascular diseases. Dexmedetomidine has protective effects in various organs. The effects of dexmedetomidine on circulating miRNAs remain unknown. Here, we investigated differentially expressed miRNA and to predict the target genes of the miRNA in patients receiving dexmedetomidine. Methods: The expression levels of circulating miRNAs of 3 patients were determined through high through-put miRNA sequencing technology. Target genes of the identified differentially expressed miRNAs were predicted using TargetScan 7.1 and miRDB v.5. Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) were used to conduct functional annotation and pathway enrichment analysis of target genes respectively. Results: Twelve differentially expressed miRNAs were identified. Five miRNAs were upregulated (hsa-miR-4508, hsa-miR-novel-chr8_87373, hsa-miR-30a-3p, hsa-miR-novel-chr16_26099, hsa-miR-4306) and seven miRNAs (hsa-miR-744-5p, hsamiR-320a, hsa-miR-novel-chr9_90035, hsa-miR-101-3p, hsa-miR-150-5p, hsa-miR-342-3p, and hsa-miR-140-3p) were downregulated after administration of dexmedetomidine in the subjects. The target genes and pathways related to the differentially expressed miRNAs were predicted and analyzed. Conclusion: The differentially expressed miRNAs may be involved in the mechanisms of action of dexmedetomidine. Specific miRNAs, such as hsa-miR-101-3p, hsa-miR-150-5p and hsa-miR-140-3p, are new potential targets for further functional studies of dexmedetomidine.
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Introduction miRNAs are a class of endogenous, small (~22 nucleotides [nt] ), noncoding singlestranded RNAs [1] . miRNAs regulate genes involved in a range of diverse biological processes, including angiogenesis, development, stress response, inflammation, adhesion, proliferation, differentiation, and apoptosis [2, 3] .
miRNAs were initially found in intracellular locations, so most studies have assessed the miRNAs expression in original tissue samples. An amazing discovery revealed that miRNAs is found in extracellular spaces, such as urine, blood, and other bodily fluids, where they are stable, despite the presence of RNase [4] . Extracellular miRNAs were firstly reported in cancer patients, and since then they have been extensively studied for their potential functions and as markers of diseases [5, 6] .. Extracellular miRNAs, which are excreted through various mechanisms that are not yet fully understood, may be protected from degradation by several mechanisms, including their inclusion in microvesicles/exosomes and apoptotic bodies. Recent studies have found that miRNAs are actively secreted into microvesicles or exosomes of various cell types [4, 7] . miRNAs may also be directly released from damaged cells or through apoptotic bodies in atherosclerosis or myocardial infarction [8] . In addition, miRNAs may also be protected from degradation in the extracellular space by forming specific protein-miRNA complexes that resist RNase activity [7] .
Over the past few years, several studies have suggested circulating miRNAs as possible biomarkers for the diagnosis or prognosis of heart diseases (coronary artery disease, myocardial infarction, hypertension, heart failure, angiogenesis, atrial fibrillation, cardiomyopathy, dyslipidemia), and cerebrovascular disease (stroke) [9] .
Dexmedetomidine is a selective and potent α2-adrenergic receptor agonist, and was approved by the US Food and Drug Administration in 1999 for procedural sedation of patients in intensive care units. Dexmedetomidine has several beneficial actions during the perioperative period. It attenuates sympathetic tone, with reduction of the neuroendocrine and hemodynamic responses to anesthesia and surgery; decrease opioid and anesthetic requirements; and causes sedation without risk of respiratory depression. Many reports have noted other possible applications including use as a protective agent against ischemia/ reperfusion (I/R) injury in various organs [10, 11] , including heart [12] , kidney [13] , brain [14] , lung [15] , liver [16] , and even retina [17] . Only three studies have addressed the roles of miRNAs in mechanisms of organ protection [14, 18, 19] . Moreover, no clinical trials have focused on miRNA expression profiling after administration of dexmedetomidine, and there are no studies on the effects of dexmedetomidine on circulating miRNAs.
The aims of the study were to identify via a high-throughput approach the differentially expressed miRNAs in blood samples from patients receiving dexmedetomidine, and to conduct bioinformatics analysis to determine the potential functions of the differentially expressed miRNAs and possible mechanisms of action of dexmedetomidine through Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses, respectively.
Materials and Methods
Subject and sample collection Subjects were patients scheduled for elective procedures who had the American Society of Anesthesiologists (ASA) I or II physical status and were 20-65 years of age. Exclusion criteria were the following: a body mass index >35 kg/m according to the above criteria, leaving 3 for this study who underwent arthroscopic repair for rotator cuff tears, radical esophagectomy for esophageal cancer via video-assisted thoracic surgery, and resection of hepatic hemangioma, respectively.
The arterial lines were established under local anesthesia (2% lidocaine) for invasive blood pressure monitoring. The patients were administered an initial loading dose (1 μg/kg) of dexmedetomidine over 10 min followed by a maintenance dose (1 μg/kg/h) for 20 min. They did not receive any other medication or sedatives before and during administration of dexmedetomidine. The hemodynamic parameters (heart rate and blood pressure) and blood oxygen saturation (SpO 2 ) were recorded before and 1, 5, 10 and 30 minutes after administration of dexmedetomidine. Blood samples were collected before and 30 minutes after administration of dexmedetomidine (control samples and test samples).
Written informed consent was obtained from all three participants. All procedures in this study were approved by Ethnics Committees of First Affiliated Hospital of Kunming Medical University and conformed to the principles outline in the Declaration of Helsinki.
RNA isolation and quality control
The purity and concentrations of total RNA of the blood samples were measured with NanoDrop ND-1000. The inclusion criterion for the RNA was an OD of A260/A280 ratio between 1.8 and 2.1.
miRNA sequencing
Total RNA of each sample was used to prepare the miRNA sequencing library, through the following steps: (1) Extraction of miRNA and small RNA sequencing Six samples were analyzed. Total RNA was isolated using Trizol reagent (Invitrogen, Carlsbad, CA, USA). Small RNA sequencing was performed by KangChen Bio-tech (Shanghai, China) using the Illumina Small RNA Sequencing Platform. The TruSeq small RNA library preparation kit (Illumina) was used for library preparation. Sequencing was performed using an Illumina HiSeq 2000 sequencing system, and 10 Mb of clean reads were analyzed using routine algorithms
Bioinformatics analysis
The GO project provides a controlled vocabulary to describe gene and gene product attributes in any organism (http://www.geneontology.org). The ontology covers three domains: biological process, cellular component and molecular function. Fisher's exact test was used to determine if there is more overlap between the differentially expressed list and the GO annotation list than would be expected by chance. The P-value denotes the significance of GO terms enrichment in the differentially expressed genes. The lower the P-value, the more significant the GO term (P-value < 0.05 is recommended).
Pathway analysis is a functional analysis mapping genes to KEGG pathways. The P-value (EASEscore, Fisher-P value or hypergeometric-P value) denotes the significance of the pathway correlated to the conditions. Lower the p-value, more significant is the pathway (the recommend P-value cutoff is 0.05).
Two databases were used to predict miRNAs' target genes: TargetScan7.1 and miRDB v5 (http:// mirdb.org/miRDB).TargetScan7.1 was used for human and mouse (human miRNA targets are from http:// www.targetscan.org/vert_71/, mouse miRNA targets are from http://www.targetscan.org/mmu_71/).
Statistical analysis
Results are expressed as means ± SE. Data were compared using paired t-test for hemodynamic parameters. Values of P<0.05 were considered statistically significant (P<0.1 for differentially expressed miRNAs).
When comparing the differentially expressed miRNA profiles between two groups, fold change and P-value were calculated and used to identify significant significantly differentially expressed miRNAs (based on all-isoform value). Differentially expressed miRNAs between two samples were filtered through fold change (based on all-isoform value), followed by hierarchical clustering. miRNA target prediction was performed by TargetScan7.1 and miRDB v5, and then the GO and KEGG pathway analyses were performed based on the top 10 differentially expressed miRNAs.
Results

Changes in hemodynamic parameters following administration of dexmedetomidine
Heart rate decreased significantly following administration of dexmedetomidine compared with baselines (P<0.05), but none of the patients required treatment. Blood pressure was decreased following administration of dexmedetomidine, but there were no significant differences compared with baselines and no patients required administration of vasopressors. There was no change in SpO 2 before and after administration of dexmedetomidine (Table 1 )
Quality control
The RNA A260/A280 ratios were 1.8 and 1.9. For quality assessment of the sequencing library, an Agilent 2100 Bioanalyzer and Agilent DNA 1000 chip kit were used according to the manufacturer's protocols. All quality criteria for successful miRNA sequencing were fulfilled.
Cluster analysis of miRNA sequencing data
Pearson's correlation coefficient R for the test samples and control samples showed a high degree of correlation (R = 0.9984; Fig. 1 ). miRNA sequencing identified 12 miRNAs with significantly differential expression (fold change > 1.2-fold, P<0.1) after administration of dexmedetomidine in the subjects. Five miRNAs were upregulated (hsa-miR-4508, hsamiR-novel-chr8_87373, hsa-miR-30a-3p, hsa-miR-novel-chr16_26099, hsa-miR-4306) and 7 miRNAs were downregulated (hsa-miR-744-5p, hsa-miR-320a, hsa-miR-novelchr9_90035, hsa-miR-101-3p, hsamiR-150-5p, hsa-miR-342-3p, and hsa-miR-140-3p) ( Table 2 ). After filtering low-intensity miRNAs, raw signal intensities were normalized by median. The differentially expressed miRNAs passed volcano Fig. 1 ). Unsupervised hierarchic clustering was performed based on the 12 differentially expressed miRNAs and displayed as a heat map (Fig. 2) . TargetScan7.1 and miRDB v5 were used to predict the targets of differentially expressed miRNA in the blood samples, and we found that each miRNA had multiple predicted target genes. Two Venn diagrams were generated to highlight the relationship between the two databases. There are 232 overlapping genes for the downregulated miRNAs (Table 3) and 173 overlapping genes for the upregulated miRNAs (Table 4) identified by the two databases, which are most likely to be targets of the differentially expressed miRNAs before and after administration of dexmedetomidine (Fig. 3) .
GO and KEGG pathway analyses GO was used to classify the function of up-and downregulated genes from 3 structured networks: biological processes, cellular components, and molecular function. In this study, differentially expressed mRNAs were enriched in numerous biological processes including: homophilic cell adhesion via plasma membrane adhesion molecules, cell-cell adhesion via plasma-membrane adhesion molecules, regulation of macromolecule metabolic process, regulation of metabolic process, regulation of primary metabolic process, regulation of nucleobasecontaining compound metabolic process, regulation of nitrogen compound metabolic process, nervous system development, CDH11, GLTSCR1, CACNB2, STAMBP, CDH5, FZD6, RAB1A, SULT4A1, FOS, TGFBR1, SCN8A, RANBP9, BEAN1, USP47, SGK1, FAM214A, ZBED4, ABHD17B, CDK5R1, DCBLD2,  FAM73A, ATXN1L, FZD4, FBXO30, PANK3, TLK2, KCNH7, MORN4, TNPO1, SLC1A1, RAB15, SH2B3, REV3L, C3orf58, SOCS5, CDK8, SSBP2, FLRT3, CCDC68, EED, ETV5, HAS2,  HSPE1-MOB4, INO80D, DR1, SUB1, EMP1, BTBD3, GPR85, AP3S1, RAP1B, DUSP1, STAU2, MTSS1L, BEGAIN, ANKRD17, RBM25, LRRN1, RAB4A, EYA1, AEBP2, PIEZO1, GLCCI1,  ZMAT3, ZFP36L2, CERS6, RAC1, PNISR, LMNB1, PCDH8, SLC12A2, MRGBP, GLRA2, MBNL1, TET2, PTGS2, ZFAND3, MOB4, SMARCA1, HTRA3, UBE2D1, MYCN, GJA1, TMEM65,  PIP5K1C, TSHZ3, CAV3, SEL1L, GAB1, COL10A1, ANKRD11, NLK, NDFIP1, RIN2, ARNTL2, PAPOLG, PPTC7, EMP2, SMARCD1, MTMR2, TMEM161B, DDIT4, CEBPA, CERS2, CDYL,  ARHGEF3, PRKAA1, ASPN, SYNCRIP, SLC39A10, FAM60A, MFSD6, EZH2, ZNF654, MAML3, DAG1, RAB39B, LCOR, STC1, ZSWIM6, ZNF207, ATXN1, TDG, RCN2, TCEB1, ZNF385B,  CPEB3, PRKCE, KBTBD8, PRPF4B, H2AFV, RORA, SHISA6, ABHD17C, RASD2, MYRIP, NOVA1, LDN11, PPFIA1, ZNF532, NPNT, SPATA2, ADRB1, FAM46A  hsa-miR-140-3p  SNRNP27, USP34, FBXO33, LHFPL2, EZH1, ATXN7L3B, CBL, EIF5A2  hsa-miR-150-5p  WTAP, HILPDA, MYB, ZMAT2, GRIPAP1, ENSA, IKBIP, MBD6, TADA1, MDM4, ADIPOR2, PLP2, DCAF6, MTCH2, BASP1, ZBTB4  hsa-miR-320a  PCDHA11, TRIAP1, ARL8B, RCN2, DAZAP1, YWHAH, PCDHA9,  TMEM255A, COPS2, GNAI1, AP3M1, PCDHA3, LPPR1, CNKSR2, PCDHA4, KCNS3, PCDHA12, DNER, MSI2, HECTD2, CDK6, PCDHA7, PAPD5, YOD1, ARPP19, RASA1, SYNGR2, RBM24, DESI2, PCDHA2, PCDHA1, RAI2, DPY30, PCDHAC1, PCDHAC2, PBX3, SDHD, PCDHA5, RGS9BP, KITLG, PCDHA6, PCDHA13 hsa-miR-342-3p OSER1, UBE2D2, MMS19, FUT8, DTNBP1, FAM53C, SYNPO2L, MRFAP1, ID4, GXYLT1, MATN1, RGS4, KDM6B, EPC1, PKDCC, FAM208A, KCNA4, FOSB hsa-miR-744-5p SCRT1, TMEM253, SH3BGRL3, PPP5C The dot plot shows the enrichment score values of the top ten most significant enrichment terms.
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Fig. 7. Pathway analysis of target genes of downregulated microRNAs. Target genes were enriched into different pathways based on KEGG pathway database, the top 10 pathways were shown above. DE: differentially expressed. A. Enrichment Score: the Enrichment Score value of the PathwayID, it equals "-log10 (P value)"; B. GeneRatioDotPlot: The dot plot shows the gene ratio value of the top ten most significant enrichment pathways.
Discussion
The patients had significant bradycardia after receiving dexmedetomidine, which is consistent with the findings of previous studies [10, 11] . At the same time, blood pressure was slightly decreased, but no significant difference was detected after administration of dexmedetomidine. One possible reason for this discrepancy could be our smaller sample size.
RNA isolation from blood and subsequent quantification by real-time PCR is timeconsuming. Therefore, a more rapid and efficient method is needed to make it feasible to detect circulating miRNAs in clinical practice. With the development of high-throughput platforms including PCR and microarrays, next-generation-sequencing has quickly emerged as the preferred platform for studying circulating miRNAs. Next-generation sequencing has several advantages, including high sensitivity to measure miRNA levels over a wide dynamic range, ability to identify novel miRNAs and to detect miRNA expression levels in species for which complete genomes are not yet available. In addition, next-generation sequencing is able to detect miRNAs that differ by just one nucleotide [20, 21] . In the present study, we employed high-throughput miRNA sequencing to identify miRNA expression before and after administration of dexmedetomidine in 3 patients and to ascertain that our measurement of miRNAs expression profiling is reliable and accurate.
The findings indicated that 12 differentially expressed miRNA were identified, including 5 upregulated human miRNAs and 7 downregulated human miRNAs, among which, we found 3 novel miRNAs; two of these were upregulated (hsa-miR-novel-chr8_87373 and hsa-miRnovel-chr16_26099), while one was downregulated (hsa-miR-novel-chr9_90035). Until now, no studies to our knowledge have focused on the roles of these 3 novel miRNAs in biology and pathology. Whether or not these 3 novel miRNAs are involved in the protective effects of dexmedetomidine remains unknown.
Upregulation of miR-140 was associated with increased right ventricle systolic pressure and hypertrophy. These results indicate that miR-140 plays a role in the pathogenesis of pulmonary artery hypertension-associated right ventricular dysfunction [22] . Another study found that miR-140-3p was one of upregulated miRNAs in afterload-enhancement-induced pathological hypertrophy in engineered heart tissue [9] . Karakas et al. [23] shows that miR-140-3p derived from peripheral blood predicts mortality, and thus could be a valuable biomarker for risk estimation in coronary artery disease. Recent studies indicate that miR-140-3p is significantly elevated during early stages of acute coronary syndrome [24, 25] , and elevated plasma miR-140-3p in patients with acute coronary syndrome mainly originates from circulating endothelial cells and lymphocytes [24] . Li et al. [26] reported that knockdown of miR-140 reduced myocardial infarct sizes in an animal model, whereas miR-140 was upregulated upon apoptotic stimulation. In this study, miR-140-3p was downregulated 30 minutes after administration of dexmedetomidine. This result suggests that downregulation of miR-140-3p by dexmedetomidine may confer cardioprotective effects on myocardial ischemia/reperfusion (I/R) injury.
Scrutinio et al. [27] found miR-150-5p to be significantly dysregulated in patients with advanced heart failure. miR-150-5p is associated with maladaptive remodeling, disease severity, and outcome. miR-150-5p may act as a novel circulating biomarker for advanced heart failure. miR-150 has been previously reported to be upregulated in patients with myocardial infarction [28] . In our study, miR-150-5p was found to be downregulated significantly after administration of dexmedetomidine. Taken together, these results suggest that dexmedetomidine-reduced miR-150 may play an important role in cardioprotective effects of dexmedetomidine.
Circulating hsa-miR-4306 was shown to be elevated in patients with acute stroke, whereas circulating hsa-miR-320e and hsa-miR-320d were reduced in patients compared with healthy individuals [29] . It has been proposed that hsa-miR-4306, hsa-miR-320e and hsa-miR-320d in plasma may serve as novel biomarkers for the early detection of acute stroke in humans [29] . miR-4306 were was shown to be significantly downregulated both in Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry plasma and in sclerotic samples of patients with arteriosclerosis obliterans compared with controls [30] . Our study indicates that hsa-miR-4306 in plasma was upregulated, whereas hsa-miR-320a was decreased 30 minutes following administration of dexmedetomidine. Upregulation of miR-320 has been shown to promote cardiomyocyte death and apoptosis, while downregulation was cytoprotective for simulated I/R injury. Furthermore, overexpression of miR-320 increased apoptosis and infarction size in the hearts on I/R in vivo and ex vivo experiments_ENREF_43. In contrast, in vivo treatment with antagomir-320 reduced infarct size [31] . Both miR-320 and miR-140 are elevated in human with heart failure [32] . miR-320a was identified as a marker to discriminate between patients experiencing and those not experiencing major adverse cardiovascular events within the first year after ST-segment-elevation myocardial infarction [33] . miR-320a was significantly upregulated in heart failure myocardium compared to normal controls [34] . miR-320a can be used to detect patients with systolic heart failure and correlate with clinical prognostic parameters such as dilatation of the left ventricle and left atrium, a wide QRS complex and elevated serum natriuretic peptide levels [35] . miR-320a was recently identified as a potential novel circulating biomarker of arrhythmogenic cardiomyopathy [36] . These studies suggest that differential expression of miR-320a is associated with pathophysiological mechanisms that trigger heart failure, myocardial infarction, and cardiomyopathy. In our study, serum miR320a was found to be significantly reduced 30 min after administration of dexmedetomidine. These findings suggests that the administration of dexmedetomidine to patients with heart failure may be beneficial. miR-320 has pro-apoptotic effects on cardiomyocytes; dexmedetomidine may exert cardioprotective effects via reduction of miR-320 expression.
Heart-structure-specific transcriptomic atlas data has shown that miR-744 is cardiac valve specific [37] . Circulating miR-744 was recently reported to be upregulated in patients with chronic congestive heart failure [38] . In the present study, mir-744-5p was found to be decreased after administration of dexmedetomidine. Taken together, these results suggest that patients with heart failure undergoing surgical procedures would benefit from administration of dexmedetomidine intraoperatively.
A recent report indicated that miR-101 inhibits fibrosis and thus may help preserve left ventricle function after myocardial infarction [39] Xiao et al. also reported that upregulation of miR-101a leads reduced fibrosis and scar formation in cardiac tissue from rats with myocardial infarction [40] . Inhibition of miR-101 was shown to attenuate hypoxia/ reoxygenation-induced apoptosis through induction of autophagy in H9C2 cardiomyocytes [41] . In another study, the level of miR-101-3p was significantly higher in heart transplant recipients with histologically verified acute cellular rejection compared with a control group and could discriminate between patients with and without allograft rejection [42] . In our study, miR-101-3p was downregulated in patients receiving dexmedetomidine.
Through GO functional and KEGG pathway enrichment analyses, the target genes of the differentially expressed miRNAs were those involved in cell apoptosis, metabolism and signal transduction. Therefore, it could be hypothesized that differentially expressed miRNAs may be involved in mechanisms of action of dexmedetomidine via regulation of the target genes via cell apoptosis, metabolism and signal transduction.
Based on bioinformatics analysis, two pathways are probably related to organ protection: MAPK signaling and sphingolipid signaling. Some target genes are involved in MAPK signaling, such as CACNB2, DUSP1, FOS, NLK, PPP5C, RAC1, RAP1B, RASA1 and TGFBR1. Other target genes are associated with sphingolipid signaling such as CERS2, CERS6, GNAI1, PRKCE and RAC1.
It has been reported that dexmedetomidine exerts kidney protection [43] and lung protective effects [44] via inhibition of the MAPK signaling pathway but attenuates neuroapoptosis via activation of this pathway [45, 46] . In the present study, we found miRNA-101-3p to be significantly downregulated. KEGG analysis suggests that seven of nine genes of the MAPK signaling pathway are target genes of miRNA-101-3p: CACNB2, DUSP1, FOS, NLK, RAC1, RAP1B and TGFBR1. Regulation of the miR-101/MAPK pathway plays an important role in proliferation and metastasis of gallbladder carcinoma [47] , in LPS-activated Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry macrophages [48] , in systemic lupus erythematosus [49] and in proliferation and migration of cardiac fibroblast [50] . Wang et al. found that inhibition of miR-101could attenuate H9C2 apoptosis induced by hydrogen peroxide [41] . Thus, future studies are warranted to elucidate effects of dexmedetomidine on the miR-101/MAPK pathway. Sphingolipid signaling is involved in protecting various organs, including the heart [51, 52] , retina [53] , and brain [54] . In the present study, KEGG analysis demonstrated that the sphingolipid signaling pathway could exert effects via CERS2, CERS6, GNAI1, PRKCE, and RAC1 genes, among which, CERS2, CERS6, PRKCE, and RAC1 are overlapping target genes of miR-101-3p, as predicted by the two databases. The remaining gene, GNAI1, is an overlapping target gene of miR-320a, as predicted by the two databases. miR-101-3p shares many genes with the MAPK signaling and sphingolipid signaling pathways; future studies on association of miR-101-3p with these two pathway will be informative and productive.
In sum, our results show that the differentially expressed miRNAs in this study are involved in pathological processes of various cancers, organ protection, and heart failure, but our future researches will focus on the effect of dexmedetomidine on organ I/R injury and heart failure, which frequently occur perioperatively and are problems faced by anesthesiologists. Moreover, this is the first clinical study to identify differential expression of circulating miRNAs following administration of dexmedetomidine, which is a key step to realize translation from bench to bedside.
This study had some limitations. Firstly, the fold-change and P-values thresholds were 1.2 and <0.1, respectively, which are different from those commonly accepted and were used here because of the relatively short time of exposure to dexmedetomidine. Secondly, some miRNAs are expressed in a time-and stage-specific manner [30] . Thus, the expression pattern of dysregulated miRNAs is not always constant and may fluctuate with time. We did not determine the expression of miRNAs at different time points following administration of dexmedetomidine. Finally, the sample size was relatively small and there was no validation of target genes.
Conclusion
12 miRNAs were found to be differentially expressed following administration of dexmedetomidine. Furthermore, specific miRNAs, such as miR-140, miR-150-5p, and miR-101-3p, might prove to be important targets for the organ protection. In the future, we will further investigate the functions of these miRNAs to broaden our understanding of mechanisms of action of dexmedetomidine.
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